An efficient protocol of callus induction, shoot multiplication and plant rege ne ra tion from cotyledon and leaf explants of Ceropegia bulbosa has been elaborated. The highest percentage (90.66) of callus induction was observed when cotyle do nary explants cultured on MS medium having 0.5 mg/L 2,4D in combination with 0.05 mg/L Kn followed by 86.25 % callus induction from leaf explant at 0.5 mg/l BAP in combination with 0.05 mg/l Kn. Shoot multiplication was ob served, cotyledon derived callus cultured on 1.0 mg/L BAP in combination with 0.10 mg/L NAA could induce number of shoots (4.71) and their lengths (6.13 cm). Cotyledonary callus derived microshoots gave the highest rooting percen tage (92.26 %) root numbers (13.14) and their lengths (8.87 cm) were observed on halfstrength MS medium fortified with 0.4 mg/L IBA. In vitro derived plant lets were hardened in the greenhouse and successfully established into the soil. Переведено редакцией.
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Plant regeneration from cotyledon and leaf explants of Ceropegia bulbosa Roxb., an endangered medicinal plant Ceropegia bulbosa Roxb. is an important medicinal plant that has tuber, which is traditionally used for urinary disor ders and its decoction is also considered to be a digestive and healthy tonic (Swarnkar & Katewa 2008 , Phulwaria et al. 2013 ). The plant is often harvested from the wild for its edible leaves and tubers, which are used locally as vegetable and food. It is growing in natural habitats with limited num ber of tubers that survive and being dormant in soil and pro duce the new plant in the next season. At the same time population of this species gets reduced due to continuous con sumption of tubers by animals and drying or deterio ration of tubers in drought and water logging conditions re spec tively. Continuous collection or over exploitation of C. bulbosa is must both for food and pharmaceuticals sour ces. It is under threat due to destructive collection of leaves and tubers or habitat degradation by grazing, scarcity of pollinators and poor seed setting quality, low viability and low germination capability (Goyal & Bhadauria 2006 , Ya dav & Kamble 2008 . As these are the continuous problems in India, C. bulbosa classified under the RET category (BSI 2002 , Goyal & Bhadauria 2006 .
It is possible to conserve this species from drastic ex ploitation by applying effective propagation methods so as to remove from the RET list. Though C. bulbosa can be pro pa gated through the seeds and tubers, it is not enough to es tab lish its population in its own habitats as we expect. Early research reports proved that taxonomicaly close species C. in ter media (Karuppusamy et al. 2007) , C. odorata (Srini vasarao et al. 2010 ) have poor seed germination capacity. There fore, it is an urgent need for the establishment of an effi cient in vitro regeneration method for their conservation. Plant tissue culture techniques are an alternate tool for the conservation of medicinal and RET listed plants (Thi ya garajan & Venkatachalam 2012) .
Reinforcement of wild plant population using individu als raised ex situ is considered a wailed means of reducing the risk of threatened species (Bowes 1999) . Many plant species respond well to in vit ro conditions, including rich medium and also plant growth hormones (Cerabolini et al. 2004) . Micropropagation of C. juncea (Krishnareddy et al. 2011) and C. mahabalei (Upadhye et al. 2014) were reported earlier.
As Ceropegia bulbosa is highly deserved for the modern drug development process and is permanently demanded as a stable food by many tribal's peoples, the status of the plant is continuously being either under a poorly available or nonavailable category. Consequently it is facing threats. Further, this condition develops pressure in commercial de mand. Therefore, the steps taken to increase its population will ensure the availability of the greater biomass, which is more essential to meet the demand thereby it bestows the conservation of this species as well. Hence, the present investigation was taken as a challenge to have a mass propa gation using the cotyledon and leaf explants excised from the seedlings emerged after seed treatments by breaking the seed dormancy for in vitro culture.
M A T E R I A L A N D M E T H O D S Explant sterilization
Explants were excised from the healthy seedlings and these explants were transferred to 250 ml sterile conical flask. They were washed first under running tap water for 3-5 minutes and treated with 0.1 % (v/v) Tween20 for 5 minutes followed by 0.5 % of Bavistin for 1 minute to re move the unwanted microorganisms adhered on them. Then they were repeatedly rinsed in distilled water. Further ste ri lization was done under aseptic environment in a laminar airflow hood. Here the explants were surface sterilized with 20 % (v/v) ethanol for a minute and then by 0.1 % (v/v) HgCl 2 for 2-3 minutes. Finally, the explants were thoroughly washed (up to 6-8 times) with sterilized double distilled wa ter. Thus pathogen free and healthy steri lized explants were inoculated for in vitro culture on the MS medium.
Culture media and conditions
MS basal medium containing different concentrations of plant growth regulators, auxins and cytokinins, were used either in dividually or in combination. After the media ad jus ted to optimum pH values range from 5.6 to 5.8 about 8 g/l agar was added. Finally MS medium, with necessary com po sition or in combination, was autoclaved at 121°C un der 103 kPa for 30 minutes. This sterilized media was then transferred to an aseptic environmental condition pro vi ded at the working place of the laboratory. Cultures were in cu ba ted at 25±1°C with 16 hrs photoperiod under cool white fluorescent tubes (Philips L 58 W/640, 30 µmol m 2 S1 PPF) and maintained between 75-80 % relative humidity.
Callogenesis (indirect organogenesis)
Aseptically excised cotyledon and leaf explants, from the seedlings emerged from the treated seeds, were cultured on MS basal medium supplemented with five different con cen trations of (0.5, 1.0, 2.0, 3.0, 4.0 mg/l) 2,4 D, BAP, and TDZ alone or in combination with five different concentra tions of Kn (0.05, 0.10, 0.20, 0.30 and 0 .40 mg/l) for callus in duction. Every 4th week the mature callus was subcul tu red on the same combination of fresh medium. At the end of the first 4th week culture, the efficiency of PGRs on cal lus induction was recorded by estimating the percentage of explants survival and days required for callus induction.
Effects of BAP, NAA and IBA on shoot regeneration
Mature callus emerged from the cotyledon and leaf ex plants were transferred into MS medium fortified with three different concentrations of (0.5, 1.0 and 2.0 mg/l) BAP and NAA alone or in combination of BAP or TDZ with three different concentrations of NAA (0.05, 0.10 and 0.20 mg/l) for evaluation of shoot regeneration. At the end of the 4th week, number of shoots generated by per explant and their lengths were calculated and recorded.
Effects of temperature and photoperiod on shoot multiplication
All the cultures were maintained at the culture room un der 25±1ºC temperature and 65-70 % relative humanity. The cultures were kept under white light at the intensity of 3000 lux provided from white fluorescence lambs (Philips, India) with 16 hrs photoperiod duration.
Root organogenesis
2 to 5 cm long in vitro regenerated shoots were cultured on half strength MS medium fortified individually with the si mi lar concentrations (0.2, 0.4, 0.6, 0.8 and 1.0 mg/l) of IBA, IAA and NAA to check their root induction abilities. Per centage of root induction, number of roots regenerated per shoot explant and their lengths were recorded from the 4 weeks old culture.
Hardening for acclimatization
In vitro regenerated plantlets were individually potted and maintained at 90 % relative humidity in a mist cham ber for three weeks. The acclimatized plantlets were sub se quently transferred to individual pot that contained a mix ture of same quantity of three different composition media, which were, Sand: Soil: Vermiculite (1:1:1, v/v), Fo rest soil: Soil: Vermiculite (1:1:1, v/v) and Garden soil: Soil: Vermiculite (1:1:1, v/v). All the pots were shifted to green house and regularly watered. The survival percentage of the acclimatized plantlets was calculated and recorded from all the three treatments after two weeks of incubation period.
Statistical analysis
The cultures were periodically observed and morpho logical changes were recorded at regular intervals. Each ex periment was repeated with 20 replicates. Callus induction, shoot and root regeneration and the number of shoots and roots emerged per explant and their lengths were recorded 4 weeks after the culture. Analysis of variance (ANOVA) was performed on all data to compare concentration and combination effects of the growth regulators. Means were segregated using Duncan's Multiple Range Test (DMRT).
R E S U L T S Callus organogenesis
Application of different concentrations of plant growth re gulators is essential to understand the optimum require ment for the callus induction in C. bulbosa. None of the cal lusing response was noted on the basal medium. BAP, 2,4 D, TDZ in combination with Kn were used in the medium to check their influence on callus induction ability of coty ledon and leaf explants of C. bulbosa two weeks after inocu lation and these details are presented in Table 1 . First callus induction was observed on 11 days after inoculation from the cotyledonary explants of C. bulbosa on the medium con taining 0.5 mg/l BAP in combination with 0.05 mg/l Kn, followed by the same concentrations 2,4D in combination with Kn, where the callus induction was noted 12 days after inoculation (Fig. 1) .
The leaf explants required 14 to 17 days after culture to induce callus formation. 74.19 % callus formation was observed from cotyledon explants were cultured on MS medium fortified with 0.5 mg/l 2,4D alone. The high per centage (90.66 %) of callus induction was observed, when cotyledonary explants were cultured on MS medium having 0.5 mg /l 2,4D in combination with 0.05 mg/l Kn and followed by 86.25 % callus induction was observed from the same explants cultured on MS medium supplemented with 0.5 mg /L BAP in combination with 0.05 mg/l Kn. However, the leaf explants induced 76.23 % callus forma tion on MS medium fortified with 0.5 mg/l BAP in com bination with 0.05 mg/l Kn and 69.22 % callus formation was observed on MS medium fortified with 0.5 mg /l 2,4D in combination with 0.05 mg/l Kn. This investigation sug gests that the 2,4D, BAP in combination with Kn could exhibit the effective for callus formation from the cotyle donary explants of C. bulbosa.
Shoot regeneration
The matured callus was subcultured on the MS Medium contained different concentrations and combinations of BAP and NAA with IBA to test the shoot proliferation in C. bulbosa. MS medium having 1.0 mg/l BAP alone in duced 68.06 % shoot initiation, 3.29 shoots per explant and 5.04 cm shoot length from the cotyledon derived callus. The highest percentage (90.91 %) of shoot induction was ob served on MS medium fortified with 1.0 mg/l BAP in com bination with 0.10 mg/l NAA followed by 81.56 % shoot ing at 1.0 mg/l NAA in combination with 0.10 mg/l IBA from the cotyledon derived callus. The maximum number of adventitious shoots (4.71) and shoot length (6.13 cm) was recorded from the cotyledon derived callus, when they were cultured on MS medium supplemented with 1.0 mg/l BAP in combination with 0.10 mg/l NAA and the same concentration also produced 4.37 number of shoots and 5.78 cm shoot length from the leaf derived callus (Table 2) .
Rooting
Half strength MS medium fortified with different con centration of IBA, IAA and NAA were used for root in duction. Percentage of root induction, number of roots produced per in vitro shoot and root lengths were recorded 4 weeks after culture. Cotyledon derived in vitro shoots could able to produce higher percentage (92.26 %) of root regeneration on the halfstrength MS medium fortified with 0.4 mg/l IBA. And moreover this concentration could able to produce maximum number roots (13.14) and root length (Table 3) . Hardening experiments is one of the important establishment processes of the in vitro raised plantlets of C. bulbosa using different hardening media com position to determine their survivability rate. The highest survivability percentage (93.3 %) was shown by the cotyle don derived callus plantlets, when they were growing on the hardening media composed of Forest soil: Soil: Vermiculite in 1:1:1 ratio followed by 83.3% survivability was observed from leaf derived callus plantlets on same hardening media.
D I S C U S S I O N
Observations of the present study indicated that the sui table combinations of auxin and cytokinins were important for caullogenesis from the cotyledon and leaf explants of C. bulbosa. Cotyledon explants of C. bulbosa showed higher percentage of callus induction and multiple shoot forma tion on the MS medium containing auxin and cytokinin. In the present study, it was observed that the MS medium forti fied with 0.5 mg/l 2,4D in combination with 0.05 mg/l Kn was superior in organogenic potential compared to other growth regulator combinations in the culture of C. bulbosa (Table 1) . A number available research reports pointed out that combination of auxins and cytokinins could bring the capability of in vitro propagation in tissue culture. The in duction of caulogenesis in cultures requires an adjustment in the levels of auxins and cytokinins based on the type of explants. The 2,4D is the main synthetic auxin used to induce the callogenesis. Because, one of its main character istics is the capacity to efficiently stimulate the cell division in plant cell culture (Gaspar et al. 1996 , Feher et al. 2003 .
Da Silva et al. (2003) noted that 83.2 % and 86.4 % callus formation from the cotyledon and hypocotyl ex plants of Glycine wightii, when they were cultured on MS medium fortified with 1.0 mg/l 2,4D in combination with 0.10 mg/l Kn. It was reported that leaf explants of Catha ran thus roseus cultured on MS medium having 4.06 µM 2,4D in combination with 2.3 µM Kn could produce good fri able, high biomass callus (Garg 2010) . The present study is in harmony with the works of Da Silva et al. (2003) and Garg (2010) , who used same combination of the 2 plant growth regulators (2,4D + Kn). 2,4D in combination with Kn could induced callus formation in many plant species; Tylophora indica (Sadguna et al., 2013) and Rauvolfia serpentina (Gupta et al., 2014) .
The highest percentage (82%) of callus induction was observed, when cotyledon explants of Decalepis hamiltonii were cultured on MS medium supplemented with 0.5 mg/l BAP in combination with 0.05 mg/l Kn (Samydurai et al. 2016) . However, the moderate percentage (86.25 %) of callus induction in the present study was observed using cotyledon explants cultured on MS medium supplemented with 0.5 mg/l BAP in combination with 0.05 mg/l Kn. The results observed in this study are in agreement with the re port of Samydurai et al. (2016) .
The lower concentration of 2,4D, BAP and TDZ (0.5 and 1.0 mg/l) could induce huge size callus. It was found that there was some green color blotches scattered on the surface of the 4 weeks old callus. The occurrence of green spots on surface of the callus is considered as meristematic centers that indicate the capacity of the callus to produce the adventitious shoots in subsequent culture (Nabors et al. 1982 , Ishii 1982 . Recently, some workers noticed the appearance of green nodules on the surface of the callus of many plant species, when they were getting callus using different concentration of auxins in combination with cy tokinins (Chakradhar & Pullaiah 2014 , Dhir & Shekhawat 2014 . The callus property of the present study is in agree ment with the callus nature work of Chakradhar & Pullaiah (2014) , Dhir & Shekhawat (2014) .
In the present study a considerable amount of callus formation was observed from the low concentrations of plant growth hormones containing MS medium, when the cotyledon and leaf explants were cultured. Among the three explants used, higher percentage of callus induction was observed from cotyledon explant. In addition, the color of the callus emerged from the all the three explants on high concentrations of 2,4D, BAP and TDZ (2.0 and 3.0 mg/l) containing MS medium turned from green colour to brown colour after 3 weeks of culture. Shoot developments were not possible from these kinds of callus. Similar types of callus were found during in vitro propagation of Sarcostemma acidum (Rathore & Shekawat 2013) .
Compact green calli were transferred to MS medium augmented with varied levels of plant growth regulators to study their effect on shoot regeneration. Fully green co loured callus was not able to regenerate the shoots. Some of them remained whitish green colour patches over the surface and hard in texture only had the capacity of shoot regeneration. The data presented in table 1 indicated that percentage of plant regeneration varied with different hor monal concentrations. Maximum number of shoots and shoot length was recorded from the cotyledon derived cal lus on MS medium fortified with 1.0 mg/l BAP in combina tion with 0.1 mg/l NAA. Muthukrishnan et al. (2015) reported the highest per centage of shoot induction from the internode explant de rived callus of Ceropegia thwaitesii, when they were cultured on MS medium having 1.0 mg/l BAP in combination with 0.10 mg/l NAA. This combination could induce the maxi mum number of shoots (19.43) and shoot length (2.99 cm). Epicotyl explant derived callus of C. bulbosa was cultured on MS medium supplemented with 1.0 mg/l BAP in combina tion with 0.10 mg/l NAA, which could produce 25.5 shoots and 4.46 cm shoot length (Phulwaria et al. 2013) . The re sult of the shoot induction study is in agreement with the results of Muthukrishnan et al. (2015) and Phulwaria et al. (2013) , who used very similar concentration and combina tion of (1.0 mg/l) BAP and (0.10 mg/l) NAA. Singh et al. (2011) achieved shoot proliferation (6.8±1.0) from the hypocotyl derived callus of Catharanthus roseus that were cultured on MS medium supplemented with 1.5 mg/l BAP in combination with 1.0 mg/l NAA. Shoots were regenerated from the internodal derived callus of Caral luma stalagmifera, when they were cultured on MS medium supplemented with 2.0 mg/l BAP in combination with 0.5 mg/l NAA. This concentration and combination could in duce 60 % of shoot regeneration and produce 3.15 shoots per explant (Sreelatha et al. 2015) . In the present study the highest percentage (90.91 %) of shoot initiation, number of adventitious shoots (4.71) and shoot length (6.13 cm) were observed, when the cotyledon derived callus was cul tured on MS medium acuminated with 1.0 mg/l BAP in combination with 0.10 mg/l NAA. The result of our study is in agreement with in the works of Singh et al. (2011) and Sreelatha et al. (2015) , who used BAP in combination with NAA resulted in synergistically increase of shootings in vitro propagation. The inclusion of BAP in combination with NAA in the culture medium has been reported to be necessary for inducing shoot multiplication in some As clepideaceae members such as Ceropegia bulbosa var. bulbosa (Patil 1998) , C. intermedia (Karuppusamy et al. 2009 ) and Wattakaka volubilis (Vinothkumar et al. 2015) .
The efficient root induction of regenerated shoots de termines the success of in vitro cultures. Of the three auxins tested, IBA was found to be superior to IAA and NAA. Vi nothkumar & Senthilkumar (2015) reported that elongated in vitro shoots of Wattakaka volubilis produced well deve lo ped long roots, when they were cultured on half strength MS basal medium supplemented with 0.6 mg/l IBA and 3 % (w/v) sucrose.
When in vitro shoots of C. candelabrum were cultured on half strength MS medium having 0.49 µM IBA produced 100 % rooting with 6.9 roots/explant (Beena et al. 2003) . The highest percentage of rooting (96±1.9 %) was ob served, when microshoots of C. panchganiensis were cultured on half strength MS medium supplemented with 7.36 µM IBA, where 9.3 roots/microshoots and 3.6 cm root length Chavan et al. (2013) . When in vitro derived shoots of C. at tenuata were cultured on half strength MS medium having 2.46 µM IBA, they could induce the highest percentage (100) of root induction and number of (9.8) roots (Chavan et al. 2011) . The results of the present study are in agree ment with the works of Chavan et al. (2013) and Chavan et al. (2011) .
When half strength MS medium was enriched with 0.6 mg/l IAA, it could produce desirable percentage of rooting and number of roots as it was noted in the pre sent investigation. Nikam et al. (2007) reported the highest percentage of rooting, number of roots and root length in C. hirsuta, when the nodal explants derived in vitro shoots were cultured on the half strength MS medium fortified with 2.0 µM IAA. When the microshoots of Caralluma tu berculata were cultured on half strength MS medium supple mented with 5.07 µM IAA, they were produced 3.0±0.15 roots/microshoot (Rehman et al. 2014) .
Present investigation revealed that higher concentra tions of auxins induced the callus formation at the base of the nodal segments explants during root organogensis. Sahoo et al. (1997) and Saha et al. (2010) stated that root de ve lop ment was getting delayed on higher IBA, NAA and IAA concentration containing medium. They further said that at the same time the callus formation took place at the base of the shoots of some other plant species (Sahoo et al. 1997 , Saha et al. 2010 . Similarly, reported that the higher concentrations of IBA, NAA and IAA resulted in swelling and callus formation at the base of the shoots of C. odorata and C. maccannii. Chavan et al. (2011) stated that MS medium was sup plemented with increasing concentration of IAA could produce the callus formation in C. attenuata during in vitro root formation. Baksha et al. (2007) explained that the in creasing concentrations of (1.0 mg/l) NAA and IBA could decrease root induction percentage and number of roots per explant, however, it could increase callus formation too. Similarly, the higher concentrations of IBA, IAA and NAA could induce the callus formation rather than rooting. Thus, the present study is in agreement with the works of Baksha et al. (2007) , and Chavan et al. (2011) .
It has been identified that IBA found to have root in duction potential compared to the other auxins. However, 0.6 mg/l IBA had a cumulative action, which played a great role in root induction and elongation in C. bulbosa. Though, the explants were cultured on all the three auxins (IBA, IAA and NAA), NAA and IAA exhibited poor response in root induction in C. bulbosa. In contrast, some researchers said that NAA and IAA had root organogenesis ability. It has been reported that in vitro derived shoots of Brachystelma gla brum cultured on half strength MS medium having 0.5 mg/l NAA showed the highest rooting percentage (80 %), root numbers (5.3) and root (6.4 cm) length (Lakshmi et al. 2017) . The best rooting response was obtained from the in vitro shoots of Caralluma bhupenderiana in a medium con taining 2.69 µM NAA (Ugraiah et al. 2011) . stated that MS medium was supplemented with 2.0 µM IAA showed the highest rooting percentage (74.6 %) and root numbers (2.8). However, they could able to get significant root induction when NAA was combined with IBA. But, in this present investigation, the best root in duction was obtained on MS medium supplemented with 0.4 mg/l IBA in C. bulbosa.
Best rooting was also observed in many Asclepideace ae members such as Gymnema sylvestre (Komalavalli & Rao 2000) , Ceropegia candelabrum (Beena et al. 2003) , C. thwaitesii (Muthukrishnan et al. 2012) , C. bulbosa and C. juncea (Sub baiyan et al. 2015) . MS medium fortified either with indi vidual different concentrations of auxins or in combination with cytokinins could induce callus, somatic embryogenesis, proliferations of shoot and root, tuber formations and en hance the secondary metabolites productions as reported by many researchers (Ghanti et al. 2004 , Desai et al. 2014 .
As in vitro callogenesis and shoot multiplication process were achieved using cotyledonary explants of C. bulbosa, this kind of in vitro propagation should have been useful for the conservation as well as mass propagation of C. bulbosa. It can also be possible to enhance the secondary metabolite, cerpegin using cell suspension culture. However, an effort will be taken to improve mass propagation on low cost to reinstate this plant into its wild habitats.
